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$\ovalbox{\tt\small REJECT}$ $\gamma$ $|$
{ $\pi\Xi$
$\not\in$ 21( ). $Le\subseteq L$
$le\in Le$ $S_{e}$ $=$












$S_{e}$ Pro$b$ (Se) $s_{0}$



























$G=$ $(L,$ $l_{0},$ $C,$ $Inv$ ,prob $)$
$\mathcal{M}=$ ($S$, so, Steps) $\Psi$
$\mathcal{M}^{\#}=(S^{\#}, s_{0}^{\#}, Steps^{\#})$. $s\#_{=L\cross \mathcal{B}}$. $s_{0}^{\#}=\alpha(s_{0})$. { Steps$\#\subseteq s\#$ xDist$(2^{C}\cross S\#)$
El $(l, \nu)\in\gamma((l, b)).((l, \nu),\mu)\in$ Steps
$((l, b),\mu^{\#})\in Steps^{\#}$





























2. $\omega$ $S\rangle S’\ell,\mu\underline{\perp(\emptyset}’ s’)$ $\alpha(s)=\alpha(s’)$
$\omega$ #
3. $\omega$ $s^{t,\mu\perp(\emptyset,\epsilon’)}-arrow s’$ $\alpha(s)\neq\alpha(s’)$
$\omega^{\phi}$
$\alpha(s)arrow\alpha(s’)\mu_{\perp}^{l}(\emptyset,\epsilon’)$
$\omega\in$ Pathfln $\omega\#\in Pathfln\#\text{ _{}X}^{x}J$
$\alpha_{Path}:Pathflnarrow Path^{\#}fln$
3.3 ( ). $\mathcal{M}\#$ $A\#$ :
$Path^{\#}flnarrow Dist(2^{C}\cross S\#)$ $\mathcal{M}$ $A:Pathfinarrow$
$\mathbb{R}^{\geq 0}\cross Dist(2^{C}\cross S)$
$\Delta$Xt
$\forall\omega$
$\in$ $Path^{A}fln.\forall s$ $\in$ $S.\forall X$ $\subseteq$ C. $A(\omega)$ $=$ $(t, \mu)\wedge$
$A\#(\alpha_{Path}(\omega))=\mu\#$ $\mu(X, s)=\mu\#(X, \alpha(s))$
$A\in Adv$ $A\#\in Adv^{\#}$
$\alpha_{Adv}:Advarrow Adv^{\#}$
32 33
3.1 ( ). $\omega$ $\in$ $Path^{A}fln$










34 ( ). $G$ $(\lambda, L_{e})$
$G$ $\mathcal{M}$ $\mathcal{M}\#$ X $l_{e}\in$
$L_{e}$ $\mathcal{M}\#$ $;\subseteq s\#$ $Prob^{A^{\#}}fin(S_{e}\#)>\lambda$
$\Lambda 4\#$ $A\#$ $\Omega^{\phi}$



















1 $G_{1}$ 2 $\Psi$




















Probab $i|i$ st ic Timed Automaton $G$
Probab $i|i$ st ic Reachab $i|i$ ty Problem $(\lambda,$ $L_{e})$
3: CEGAR
1. : $\Psi$ $\mathcal{M}\#$
$\Psi$ $\forall l\in L.\Psi^{l}=$ {true}
2. : $\mathcal{M}_{\Psi}^{\#}$ $(A\#, \Omega\#)$
“yes“
31


























































$\{\nu|\alpha_{Path}(\omega)=\omega^{\#} A 1i.(\alpha(\omega(i))=s^{\#}\wedge\omega(i)=(l, \nu))\}$
32 (2) $\omega\#$
2 $\omega\#$ $i$ &
$(l, b)$ $\zeta_{\omega}^{d\epsilon p},$ , $\zeta$
51( ). $\zeta\in$
$Zones(C)$, $(l_{\}}\zeta_{9}, p)\in$ prob,
$X\subseteq C$
32
$time_{-}succ[\zeta]$ $=$ $\{\nu|\exists t\in \mathbb{R}^{\geq 0}.\nu-t\triangleright\zeta\}$
time$-pre[\zeta]$ $=$ $\{\nu|$ $t\in \mathbb{R}^{\geq 0}.\nu+t\triangleright\zeta\}$
reset $[\zeta, X]$ $=$ $\{\nu[X :=0]|\nu\triangleright\zeta\}$
free $[\zeta, X]$ $=$ $\{\nu|\nu[X:=0]\triangleright\zeta\}$
$d$ iscrete-succ$[\zeta, \zeta^{g}, X]$ $=$ reset $[\zeta\wedge\zeta^{g}, X]$
$discrete_{-}pre[\zeta, \zeta^{9}, X]$ $=$ free $[\zeta, X]\wedge\zeta^{g}$
$(\nu-t)$ $x\in C$ $(\nu-$
$t)(x)=\nu(x)-t$
time succ$[\zeta],time_{-}pre[\zeta]$


























$(line:6,11)$ , $\omega\#$ $\omega\#(i)$ $x\perp 1\backslash$ $|$
$\mathcal{M}\#$
$ls.t$ . $\omega\#(i+1)=(l, b),$ $\zeta_{i+1,\omega}^{na}\#,$ $time_{-}succ(b^{i,\omega}\Psi y\#\iota_{:.\#})$ or




$\omega\#(0)$ false (line: 17),
$\omega^{\#}$
$s_{0}=(l_{0}, \nu_{0})$








3: for $(i=|\omega\#|-1, \ldots.0)$ do
4: if $\omega\#(i)^{\mu^{\#}}-4$ is atime transition then
5: $\zeta_{i,\omega\#}^{dep}arrow time_{-}pre[\zeta_{i+1,\omega\#}^{r\infty}]\wedge\zeta_{i,\omega\#}$
6: if $\zeta_{i,\omega}^{dep}\#=$ false then





$d$ iscrete-pre$[\zeta_{i+1,\omega\#}^{na}, \zeta_{i,\omega\#}^{g}, X_{i,\omega\#}]$ A $\zeta_{i,\omega\#}$
11: if $\zeta_{i,\omega\#}^{dep}=$ false then





15: $\zeta_{i,\omega\#}^{r\omega}arrow$ time.pre$[\zeta_{i,\omega\#}^{dep}]$ A $\zeta_{i,\omega}v$
16: end for
17: if $\zeta$ $\wedge\zeta_{0}=$ false then




2. $\omega\#$ ( $\Omega$
$\Omega$ $x$ 2. Algorithm 2










ffi 2 $\overline{\frac{A1gorithm3\prod\overline{o}\text{ }\ulcorner x\text{ }}{1:for\omega\#\in Pato}}$
2: $\zeta_{0,\omega\#}^{m}arrow(0$ 2: $\zeta_{\omega^{1}}^{m}arrow$ true
3: for $(i=0, \ldots , |\omega\#|-1)$ do 3: $\zeta_{\omega^{1}}^{dep}arrow$ true
4: $\zeta_{1\omega}^{dep}arrow$ time succ $[\zeta_{\omega}^{m},]$ A $\zeta_{i,\omega}^{dep}$, 4: end for
5: if $\omega\#(i)^{\mu}3$ is $a$ time transition then 5: $\zeta$ 8o $arrow\zeta$0
6: $\zeta_{i+1,\omega^{l}}^{m}arrow$ time$succ[\zeta_{1,\omega^{1}}^{dep}]\wedge(_{i+1,\omega^{1}}^{r}$ 6: for $i=0,$ $\cdots,$ $C_{\Omega_{\infty R}}$ do
7: else 7: for $\omega\#\in\Omega\#$ do
8. $\zeta_{i+1.\omega’}^{m}arrow$ 8: if $|\omega\#|>i$ then
$discrete_{-}succ[\zeta_{i,\omega^{1}}^{d\epsilon p}, \zeta_{\dot{\iota},\omega^{\downarrow}}^{g}, X_{i,\omega^{l}}]$ A $\zeta_{+1,\omega 1}^{\dot{r}}$ 9: $\zeta_{\omega_{-\ell h}}^{m_{!}}arrow\zeta_{\omega^{1_{-\ell h}}}^{m}\wedge\zeta_{\omega^{1}}^{\dot{M}}$
9. end if 10: $\zeta_{t}^{dep}arrow$ time$succ[\zeta_{\omega_{\wedge th}}^{m_{!}}]$ A $\zeta_{|+1,\omega^{l}}$
10: end for 11: end if
11: end for 12: end for
$A$ 13: for $\omega\#\in\Omega\#$ do
14: if $|\omega\#|>i$ then
$A$ 15: if $\zeta_{\omega_{\vee th}}^{dep}!\wedge\zeta_{\dot{*},\omega^{l}}^{d\epsilon p}=$ false then
$\Omega$ 2 $\omega_{1},$ $\omega_{2}\in\Omega$ 16: return spurious $l_{\dot{*},\omega}\iota,$ $\zeta_{\omega_{i}^{t_{-\iota h}}}^{dep},$ $\zeta_{i,\omega^{1}}^{d\epsilon p}$
$\omega_{1}’,\omega_{2}’$ $\omega_{1}’=\omega_{2}’$ 17. end if
$\omega_{1}’,\omega_{2}’$ 18: $\zeta_{\omega_{\vee th}}^{dep}!arrow\zeta_{\omega_{*-\ell h}}^{d\epsilon p}!\wedge\zeta_{i,w^{1}}^{d\epsilon p}$
1 $\Omega$
19: if
$\omega\#(i)^{\mu^{\#}}-*$ is a time transition then
$\omega\in\Omega$ $\omega’$










$\omega:$-th 24: end if

























$discrete_{-}succ(\zeta_{i,\omega\#}, \zeta^{g}, X)$ $time_{-}succ(\zeta_{i,w^{l}})$



































































$\frac{D}{2000}$PT $CEGAR10$ $Symbolicl5$ MC $\bigoplus_{66}$
4000 14 25 0.5600
6000 18 47 0.3830
8000 22 81 0.2716
10000 26 126 0.2063
20000 46 528 0.0871
30000 63 1206 0.0522
40000 78 2168 0.0360
50000 93 3426 0.0271
60000 108 4964 0.0218






7.3 FireWire root contention protocol
Symbolic model cheddng[10]
IEEE 1394 FireWire root contention protocol
2000 60000
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